Previous work by Kan and Dozy (1) and Mears et al. (2) , using a single restriction endonuclease site polymorphism, have established that the origin of the sickle gene in Africa involved more than one mutation and that its subsequent expansion was in response to selective pressures. The observation of Kan and Dozy (3) suggested a dual origin, but the findings of Mears et al. suggested further diversity, with the possibility that the gene for sickle cell hemoglobin (Hb S) could have arisen independently in Atlantic Africa (Senegal), West Africa, and Bantu-speaking Africa (4) . Nevertheless, single-base-pair polymorphisms are intrinsically incapable of providing conclusive data in this area. For this reason, attention is now centered on the use of multiple DNA polymorphisms in and surrounding the f3-globin gene cluster for establishing the origin of the Hb S gene.
The conceptual basis for the use of DNA polymorphisms located in the ,3globin gene cluster stems from the discovery of at least 11 sites accessible to detection by restriction endonucleases and several other sites detectable, at this point, only by sequence analysis (5) (6) (7) (8) be closely linked to the p-globin gene, and if the mutational event is reasonably recent a 3-globin gene mutation should be accompanied by a defined haplotype formed by the set of polymorphic DNA sequences found in the ,B-globin-like gene cluster. This set of sequences would be those preexisting in the chromosome before the mutational event.
We have defined the haplotype for 11 polymorphic restriction endonuclease sites in the ,3-globin-like gene cluster ( Fig.  1 ) in DNA harvested from sickle cell anemia patients in four geographic locations in Africa: Senegal (Atlantic West Africa), Benin (Central West Africa), the Central African Republic (Bantu-speaking Africa), and Algeria (Arab North Africa). We find not only extraordinary homogeneity of the haplotype found in each location but also specifically different ones for Senegal, the Central African Republic, and Benin. These data, together with the available data on the distribution of the Hpa I polymorphism in Africa, allow us to state that the Hb S gene arose in Africa in at least three independent historical instances and then proceeded to expand through selection.
MATERIALS AND METHODS
Subjects. Patients with sickle cell anemia were identified by hemoglobin electrophoresis and hemoglobin solubility testing. White cell pellets from 29 SS homozygotes from Senegal, 10 SS homozygotes from Benin, 14 SS homozygotes from the Central African Republic, and 10 from Algeria were obtained from sickle cell anemia clinics in the African countries. Ethnic origin of the subjects was assessed by identifying the tribal origin of the parents. A few normal subjects from each country were also studied. DNA Analysis. DNA was prepared from the subjects' leukocytes by previously described techniques (2) .
Haplotype analysis of the /3-globin-like gene cluster was performed by using the following restriction endonucleases and DNA probes (Fig. 1) . The numbers in parentheses represent the expected DNA fragment in kb if the polymorphic Abbreviations: Hb S, sickle cell hemoglobin; kb, kilobase(s).
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site is absent (-) or present (+): HincII, 1.3-kb E-globin genomic probe (-, Agarose gel electrophoresis was performed using 0.8-1.2% agarose, depending upon the size of the DNA fragments being studied, and an electric field to satisfactorily separate the fragments of interest as judged by concomitant separation of X phage DNA size markers.
DNA was transferred to nitrocellulose by the method of Southern (9) and subsequently hybridized to the appropriate radiolabeled probe.
All probes were plasmid-purified genomic fragments (outlined above), which were nick-translated, as described (10), to a specific activity of 108-109 cpm/pg of DNA.
After hybridization, filters were washed free of specifically unbound probe as described before (11) Of the 124 Hb S gene-bearing chromosomes studied in these few African countries, 110 haplotypes were geographically specific and 120 could be classified into three types (Fig. 1) . In other words, only 4.4% of the sample had atypical haplotypes.
DISCUSSION
The study of the molecular history of the Hb S gene was started with the pioneering work of Kan and Dozy (1) We have selected four populations of Africa: one in North Africa (Algeria), one in Atlantic Africa (Senegal), one in Central West Africa (Benin), and one in Bantu-speaking Africa (Central African Republic). As we have more extended data on the distribution of the Hpa I polymorphism (a part of the haplotype), the data gathered in these four populations can be used to establish a general picture of the region.
The data presented here demonstrate that the haplotypes are almost entirely homogeneous in each population of Hb S homozygotes. The few exceptions (in which the individuals exhibit a heterozygous form for the haplotype or a homozygous form for a different haplotype) can be explained by migration from surrounding areas. Of interest, the most common haplotype that appears to have migrated has been the one associated with Benin (Central West Africa). In particular, appreciable admixture of the Benin haplotype with the local haplotype is seen in Senegal. The Senegalese study group was obtained from Dakar. Historically, Dakar has been a major commercial port for West Africa, and it is probable that the haplotype admixture present today reflects migration associated with commerce. The rare atypical haplotypes found in our sample could be the product of mutation in the DNA sequences recognized by the restriction endonuclease or the product of recombination. Importantly, of the three different haplotypes identified by us to be associated with the Hb S gene, at least three different restriction site polymorphisms distinguish each from the others. The polymorphism differences between any two of the haplotypes occur both 5' and 3' to the putative "hot spot" for recombination that has been postulated to exist for some ethnic groups between the 3' pseudo-f3-globin HincII site and the HinfI site 5' to the /3-globin gene (5, 7) .
Recombination at this point cannot explain the generation of the three haplotypes.
The data presented here provide strong evidence that the Hb S gene was generated in Africa by at least three separate mutational events involving three or more different chromosomes. In addition, the data suggest that the Hb S gene migrated from West Africa to North Africa through the welldocumented trans-Saharan caravan routes (12) . Also, the data are entirely compatible with the Bantu expansion having originated in an area close to the frontier of present day Nigeria and Cameroon.
It should be remembered, nevertheless, that in other populations and other genetic diseases, haplotype associations are not as easy to interpret. Y. W. Kan and his colleagues have found eight haplotypes associated with the 13-39 nonsense mutation in 83-thalassemia carriers in the island of Sardinia (13 
